The influence of thawing procedures on fertility of semen in .25-ml Continental 3 straws was investigated in a series of eight trials utilizing 1,634 cows. The following pregnancy rates were obtained: Trial 1, 38.6 vs 23.0% (P<.05) for semen thawed in 75 C water/7 sec vs "in the cow"; Trial 2, 29.7 vs 22.2% (P>.10) for semen thawed in 75 C water/7 sec vs "in the cow"; Trial 3, 82.8 vs 61.6% (P<.01) for semen thawed in 75 C water/7 sec vs "in the pocket"; Trial 4, 49.1 vs 45.9 (P>.10) for semen thawed in 75 C water/7 sec vs 3 C water/2 min; and Trial 5, 55.3 vs 56.0% (P>.10) for semen thawed in 75 C water/7 sec vs 35 C water/12 sec, respectively. Three of the eight trials were conducted to compare the fertility of semen used immediately after thawing or after incubation in iced water (3 C) for 10 minutes. All semen was thawed in water at 35 C/12 sec (Trial 6) or 75 C/7 sec (Trials 7 and 8). The pregnancy rates were as follows: Trial 6, 62.7 vs 47.6% (P<.05); Trial 7, 65.5 vs 59.7% (P>.10) and Trial 8, 70.8 vs 70.0% (P>.10), for semen used immediately or after 10 min of holding, respectively. It was concluded that thawing "in the cow" or "in the pocket" was unaccept- able, and that semen in straws may be damaged by holding in iced water after thawing.
Animal Reproduction Laboratory, Department of Physiology and Biophysics. Portions of these data are from theses submitted to the Colorado State University Graduate School in partial fulfillment of requirements for the Master of Science degree; and were presented, in part, at the XII Biennial Symposium on Animal Reproduction, 1975 ; the Sixth NAAB Technical Conference on Animal Reproduction and Artificial Insemination, 1976; and the Tenth Annual NAAB Conference on Artificial Insemination of Beef Cattle, 1976 and will appear in their respective proceedings. Thanks are extended to Achilles Cattle Co., Russell, Manitob~t, Can. and Simmental Breeders Cardston Ltd., Cardston, Alberta, Can. for their donation of the semen used in these studies.
2 Present address: Elgin Breeding Service, Box 468, Elgin, Texas 78621.
3Continental Plastics, Inc., P. O. Box 336, Darien, WI 53114. able, and that semen in straws may be damaged by holding in iced water after thawing. (Key Words: Semen, Spermatozoa, Thawing, Straws, Fertility, Insemination.)
I NTRODUCTION
Rate of thawing is one of the most important factors affecting post-thaw spermatozoal viability (Aamdal and Andersen, 1968a,b; Robbins et al., 1972 Robbins et al., , 1976 Almquist and Wiggin, 1973a,b; Rodriguez et al., 1975; Wiggin and Almquist, 1975a,b; Ennen et al., 1976) . Unfortunately, studies to evaluate the influence of field-handling procedures on fertility of semen frozen in straws are limited (Stewart, 1969 (Stewart, , 1971 Bean, 1972; Davidovic et al., 1972; Forde and Gravir, 1974) . Therefore, a series of experiments was conducted to evaluate the influence of thawing methods and related fieldhandling procedures on the fertility of bovine spermatozoa frozen in .25-ml Continental straws.
EXPERIMENTAL PROCEDURES
Semen was collected from bulls maintained on a regular seminal collection schedule and evaluated for percentage (nearest 5%) of progressively motile spermatozoa (motility), spermatozoal concentration and seminal volume. Only ejaculates containing at least 50% motile spermatozoa were utilized. Semen for Trials 1, 2, 3, 6, 7 and 8 was treated with antibiotics prior to dilution (Sullivan et al., 1966; Ennen et al., 1976) , while antibiotics were added to the semen for Trials 4 and 5 by inclusion in the extender (Ennen et al., 1976) . Semen was diluted at 37 C with one volume of 20% egg yolk-2.9% sodium citrate (EYC) extender and cooled to 5 C in 4 hr (Ennen et al., 1976) . For some bulls, two or three successive ejaculates were obtained, pooled after cooling and considered as a single ejaculate. Semen was further extended and/or glycerolated after cooling to provide the desired spermatozoal concentration 266 JOURNAL OF ANIMAL SCIENCE, Vol. 44, No. 2 (1977) and a final level of 7% glycerol. All glycerolization was by four additions at 15-rain intervals. The extended semen was packaged in .25-ml Continental straws during the 4-to 8-hr glycerol equilibration period (Ennen et al., 1976) , and frozen in forced, liquid nitrogen (LN) vapor from 5 to --130 C in approximately 3.5 min (Rodriguez et al., 1975) . After freezing, semen was placed into plastic goblets (five straws per goblet), on tin racks (four full goblets per rack) in LN for field distribution. Trials 1, 2, 4, 5, 6 and 7 were conducted in conjunction with studies on synchronization of estrus and included two (Trials 1, 2, 5, 6 and 7) or five (Trial 4) estrous synchronization subgroups. Non-synchronized control cows constituted one of the subgroups in Trials 4 and 5. In all trials, cows were assigned to bull, ejaculate, thawing and inseminator treatments on a consecutive basis as they passed through the breeding chute. When semen was thawed in 35 or 75 C water, thawing was timed to prevent seminal temperature from rising above 5 C.
Trial 1. Semen from each of three Simmental bulls was thawed in 75 C water for 7 sec or "in the cow" (Davidovic et al., 1972) . Thawing "in the cow" was accomplished by rolling one end of each straw between the thumb and forefinger until the semen at that end of the straw became fluid. The straw at the fluid end, was then clipped behind the plug and the straw inserted into the insemination device. Additional thawing occurred during the insemination process. Each inseminate contained 20 • 106 progressively motile spermatozoa prior to freezing. A total of 218 cows were inseminated by three inseminators.
Trial 2. Semen from one Maine Anjou bull was thawed as in Trial 1 and used by two inseminators to inseminate 73 cows. Each inseminate contained 30 • 106 progressively motile spermatozoa prior to freezing.
Trial 3. Semen from each of two Simmental bulls was thawed in 75 C water for 7 sec or by a "pocket thaw" technique. With the latter method, individual straws were removed from LN, wrapped in a paper towel and placed in the inseminator's pocket for 5 rain prior to insemination. Each straw contained 20 • 106 progressively motile spermatozoa prior to freezing. A total of 152 heifers was inseminated by two inseminators over a 42-day breeding period.
Trial 4. Inseminates from each of four Simmental bulls containing 30 • 106 progressively motile spermatozoa prior to freezing were thawed in iced water (3 C) for 2 min or in 75 C water for 7 seconds. Five technicians inseminated 397 cows.
Trial 5. Semen from each of five Simmental bulls was used to inseminate 331 cows. Each inseminate contained 30 x 106 progressively motile spermatozoa prior to freezing, and semen was thawed in water at 75 C for 7 sec or 35 C for 12 seconds. Four inseminators participated in this study.
Trial 6. Two ejaculates from one Simmental bull were used to inseminate 216 cows. All semen was thawed in 35 C water for 12 seconds. One-half of the straws were used immediately while the others were stored in iced water (3 C) for 10 min before insemination by four inseminators. Each inseminate contained 30 • 106 progressively motile spermatozoa prior to freezing.
Trial 7. Two technicians inseminated 123 heifers using two ejaculates from an Angus bull. Each inseminate contained 30 x 106 progressively motile spermatozoa prior to freezing. All semen was thawed in 75 C water for 7 sec and the straws used immediately or after 10 rain of storage in iced water (3 C).
Trial 8. Semen from two Simmental bulls was used to inseminate 107 heifers over a 42-day breeding period. After 21 days of breeding, an additional 30 heifers, which had failed to become pregnant in a previous trial, were included for the remainder of this breeding period. Inseminations were performed as in Trial 3 by one inseminator. All semen was thawed in 75 C water for 7 sec and used immediately or after 10 min of storage in iced water.
Statistical Analysis. Pregnancy was determined by palpation per rectum at a minimum of 40 days from the last date of breeding. Where fairly equal numbers of cows were involved in all treatment groups (Trials 1 and 2), the data were subjected to analysis of variance using the mean pregnancy rates. However, when the size of the treatment groups varied (Trials 3 to 8), the data were analyzed by least-squares analysis of variance (Harvey, 1960) . Treatment effects were further evaluated with Tukey's w-procedure (Snedecor and Cochran, 1967) . In trials utilizing more than two bulls (Trials 1, 4 and 5), bulls were considered random for the analysis. Data were pooled over inseminators in Trial 5 and synchronization subgroups in Trials 4, 6 and 7 because all inseminators were not represented equally in each subgroup or the subgroups were small. Chi-square analysis of all 2 x 2 and 2 x K contingency tables was employed to substantiate the results of the analysis of variance.
RESULTS AND DISCUSSION
Trials 1 and 2. Pregnancy rates of 38.6 vs 23.0% (P<.05) and 29.7 vs 22.2% (P).10) were obtained in Trials 1 and 2 for semen thawed in 75 C water or "in the cow", respectively (table 1). The pregnancy rates were low because the cattle were synchronized to estrus and consisted primarily of animals which had failed to conceive during a previous synchronization (Kaltenbach and Graves, 1975) . Nonetheless, the pregnancy rate was depressed by 15.6 percentage points in Trial 1 due to thawing "in the cow." Although the 7.5 percentage-point difference in favor of thawing in 75 C water for 7 sec (Trial 2) was not significant (P>.10), this may have been due to the greater number of spermatozoa per inseminate, the small number of inseminations and/or the limited degrees of freedom involved in the comparison. Davidovic et al. (1972) obtained conception rates of 74.0% for 166 inseminations with semen thawed prior to insemination as compared to 71.9% for 392 inseminations with semen thawed "in the cow." Stewart (1969) obtained similar results with semen thawed in water at 35 C for 15 sec, 4 to 24 C for an indefinite period or "in the gun" (similar to thawing "in the cow"). These results (Stewart, 1969) were surprising since the 20 to 25 million spermatozoa per inseminate should have been close to the critical number unless bull fertility was very high. In no study has fertility been enhanced and in one trial fertility was greatly depressed by thawing "in the cow".
Trial 3. A difference (P<.01) of 21.2 percentage points was obtained in favor of thawing in 75 C water as compared to the "pocketthaw" technique (table 1) . These results are in contrast to those from an extensive trial (Bean, 1972) in which no difference in non-return (NR) was found when semen in .5-ml French straws was thawed in water at 30 to 35 C for 15 sec, in iced water or by "in the gun" or "pocket-thaw" techniques. The contrasting results between these two studies may be due to differences in the number of motile spermatozoa per inseminate, type and size of straw, warm-water thawing temperatures and times, bull fertility, inseminator competence and~or methods of assessing fertility.
Trial 4. Similar (P>.10) pregnancy rates (45.9 vs 49.1%) were obtained when semen was thawed in iced water (3 C) for 2 min or 75 C water for 7 sec (table 1), despite the fact that spermatozoal revival was markedly decreased when semen in straws was thawed in iced water, compared to 75 C water (Aamdal and Andersen, 1968a,b; Robbins et al., 1972; Almquist and Wiggin, 1973a,b; Rodriguez et al., 1975) . These results are similar to those of Bean (1972) , but do not conform to those of Forde and Gravir (1974) , who found a significant decrease in NR rate when semen in straws was thawed in iced water as compared to 35 C water. However, it is probable that 30 • 106 motile spermatozoa prior to freezing were sufficiently high to mask any real effect of thawing method on fertility, especially since the semen was used immediately after thawing (Stoye, 1966; Pickett et al., 1977) . Studies involving critical spermatozoal numbers will be required before recommendations can be made regarding thawing of semen in iced water, that has been frozen in straws and stored in LN.
Trial 5. No difference (P>.10) in fertility (55.3 vs 56.0%) was observed when semen was thawed in water at 75 or 35 C (table 1). As in Trial 4, the results are inconsistent with the higher post-thaw motility and/or acrosomal maintenance associated with higher thawing bath temperatures, (Aamdal and Andersen, 1968a,b; Robbins et al., 1972 Robbins et al., , 1976 Almquist and Wiggin, 1973a,b; Rodriguez et al., 1975; Wiggin and Almquist, 1975a,b; Ennen et al., 1976) probably due to the number of spermatozoa per inseminate. Further studies with fewer spermatozoa per inseminate will be required to determine if a real difference in fertility does exist due to thawing by these methods.
Trial 6. When semen was thawed in 35 C water for 12 sec and the straws placed in iced water (3 C) for 10 min before use, the pregnancy rate was lowered (P<.05) by 15.1 percentage points compared to that of semen used immediately (table 2) . Since the 12-sec exposure to 35 C water raised the seminal temperature to 2 + 3 C, it is unlikely that the spermatozoa were cold shocked when placed in iced water (3 C). In support, Rodriguez et al. (1975) and Almquist (1976) found no evidence of cold shock when semen was thawed in 35 C water for 12 or 10 sec, respectively, and placed in iced water.
There was a difference (P<.05) among inseminators due to seminal treatment. Pregnancy rates for semen used immediately or after 10 rain of iced water storage were 53.5 vs 33.8% (P>.05), 75.7 vs 31.5% (P<.05), 54.0 vs 62.4% (P>.05) and 67.4 vs 62.9% (P>.05) for inseminators one to four, respectively. The low number of inseminations by each inseminator may have contributed to this interaction.
Trials 7 and 8. In Trials 7 and 8, no difference (P>.10) in pregnancy rate was obtained when semen thawed in 75 C water was used immediately or after 10 min of iced-water (3 C) storage (table 2) . It is unclear why holding in iced water caused a greater depression in fertility when semen was thawed in water at 35 C (Trial 6) than at 75 C (Trials 7 and 8). It is possible that thawing in water at 75 C is superior, and that the stress of holding amplified this real difference. This possibility is consistent with evidence from other laboratory and fertility studies with both straws and ampules. For example, Stoye (1966) obtained NR rates of 77.5 and 75.8% when semen in ampules thawed in 0 to 4 or 38 to 40 C water was used immediately after thawing. However, when the semen was incubated in iced water for 2 to 3 hr before use, the corresponding NR rates were 61.2 and 75.8%, respectively. Shorter in vitro post-thaw survival has also been observed for spermatozoa thawed more slowly (Pickett et al., 1975; Ennen et al., 1976) . Thus, it would appear that fertility decreases as the interval from thawing to insemination is increased, particularly when semen is thawed slowly.
